Abstract. In this paper, a temporal local gradient weighted filtering based infrared dim small target background suppression method has been proposed. The highlight of the proposed method is that it utilizes the local gradient weighted filtering to deal with the temporal profile, which separates the small target from strong background clutter according to the difference of profile among small target, stable background and the edge of cloud. In this paper, two real low signal-to-clutter ratio (SCR) infrared imagery sequences containing moving dim small target are applied to verify the efficiency of the proposed method. Compared with several classical methods, the experimental results show that the performance of proposed method is superior to several other methods both in aspects of subjective visual and objective evaluation index.
Introduction
In the infrared imaging detection system, because of the long distance from target to the detection system, the target occupies a small area in the image and lacks the information of size, shape and texture; the signal-to-clutter ratio (SCR) of the image is low, which makes the target detection very difficult. Therefore, in order to detect the target accurately and stably from the low contrast infrared image, the background suppression must be first carried out
In recent years, many researchers have made research on the issue of background suppression, and several methods have been proposed [1] [2] [3] . These methods are roughly classified into two categories [4] : spatial filter-based, transformation domain-based and temporal filter-based methods. Spatial filter-based methods utilize the grey level of target and background in the image to predict the background. Typical spatial methods include max-mean/median filter [5] , top-hat [6] , two-dimensional minimum mean square error (TDLMS) [7] , bilateral filter [8] , etc. This kind of method has the advantages of simple principle and easy realization, but it is not effective in IR images with low contrast and heavy clutter background. Transformation domain-based methods decompose infrared image into a series of low-frequency and high-frequency sub-bands by transform image from spatial domain to other transform domains. Wavelet transform [9] , shearlet transform [10] and Butterworth high-frequency filter [11] based methods are some classical transformation domain-based methods. This kind of method perform well in target detection, however, there exist disadvantages of complex and time-consuming calculation. Temporal domain-based methods exploit the motion information of the target effectively. Traditional temporal methods include triple temporal filter (TTF) [12] , continuous wavelet transform (CWT) [13] and so on. These methods need to deal with three-dimensional data, so they have to suffer from the issues of large calculation. Temporal profile based method is an important method in temporal domain. It deals with one-dimensional data so that the amount of calculation will reduce greatly. The most representative method is connecting line of the stagnation points filtering method (CLSP) [14] . This kind of method is simple to complete and has a small amount of calculation, but some small fluctuations will lead to a degradation of detection performance.
Based on the drawbacks of the methods discussed above, a novel method is proposed to detect the moving target in clutter backgrounds local gradient weighted filtering in this paper. Compared with several classical target detection methods, the experimental results show that the performance of proposed method is superior to that of other methods both in aspects of subjective visual and objective evaluation index.
Temporal Profile Model

Analysis of IR Imagery Sequence in Temporal Domain
IR imagery sequence containing dim small target can be modeled as follows:
where (x, y) represents the coordinate of one pixel; k denote the frames; ( , , ) T I x y k represents the dim small target image, ( , , ) B I x y k is the background image; ( , , ) n x y k is the random noise.
( , , )
T I x y k has great changes between two adjacent images because of target movement. Meanwhile, the scene in imagery sequence collected by infrared imaging system is relatively stable. Namely, there are little changes between adjacent images within a certain period of time. Therefore, formula (1) can be rewritten as ( , , ) ( , , ) ( , ) ( , , )
(2) For certain fixed pixel ( , ) x y in the image, its gray value is a function of k. Obviously, the variation of the gray value of a pixel can be described using temporal profile.
Temporal Profile
The temporal profile indicates variation of the pixel values over a period of IR sequences. For an infrared imagery sequence with moving small target, the temporal profile of the pixels that target passes is a pulse-like curve. The width of the pulse is related to the speed of the target, and its amplitude is related to the brightness of the target. The temporal profile of the background pixels is a curve with stable values. The temporal profile of various pixels is shown in Fig. 1 . 
Proposed Method
From the analysis of section 2, there are obvious differences between temporal profile of target region and that of other regions, which can be used to suppress background precisely. In this paper, we propose the local gradient weighted filtering (LGWF) to smooth the temporal profile for obtaining the reference line of each pixel, and then the background can be predicted.
Temporal Local Gradient Weighted Filtering
Assuming that u(k) is the temporal profile of a pixel in an imagery sequence in a period of time.
The gradient value g of each point on the curve can be expressed as:
3) The weight of every point on curve can be calculated using Gauss kernel W:
where,  is the adjust parameter.
The output of the k frame is expressed as (5)
where, w is the neighborhood size, R is the normalized parameter,
Proposed Method
Fig . 2 summarizes the main processes of the proposed background suppression method. First, the temporal profiles of each pixel of successive n frames of image are formed. Then, the temporal profile of each pixel is filtered by LGWF to predict background. Finally, the background of images is suppressed by subtracting the predicted background from the original image. 
Experiments
To validate the effectiveness of the proposed method in this paper, the simulation experiments for two real low SCR infrared imagery sequences containing the moving dim small targets with sky background were done. The performance of different methods was appraised by metrics signal-to-clutter ratio gain (SCRG) and background suppress factor (BSF) [15] . In this section, three detection methods are tested with real IR imagery sequences. Fig. 3 shows the detection results of these images using max-mean filter, top-hat and TDLMS respectively. Fig.3 (a1~a2) show the one frame image of original imagery sequence with moving target under clutter cloud backgrounds. The target can hardly be identified from the 3D map. From  Fig. 3(c1~ c2) , it shows that the max-mean based methods can enhance the target energy, but the images still contain a lot of clutter backgrounds. Top-hat and TDLMS based methods perform well at the first IR imagery sequence, but they have a poor ability to do well in low SCR image (see Fig.  3 (d2) and (e2)). Compared with these three detection methods, proposed method has a better effect on the clutter suppression in low SCR imagery sequence. Two objective quality metrics are shown in Tab.1 to assess the performance of different methods, in which the values in boldface indicate the higher quality. It is indicated that the proposed method has the larger values of SCRG and BSF. From the Tab. 1, it is clear that the proposed method not only has good effect in terms of improving the image contrast enhancement but in cluster suppression property, especially for low SCR images. 
Conclusions
In this paper, aiming at the problem of detection of IR small and dim target for infrared imaging detection system, a temporal background suppression based infrared dim small target detection method has been proposed. The method takes full advantage of the motion information of the target, and uses the method of local gradient weighted filtering in temporal domain to predict the background and suppress the background. Compared with several classical methods, the experimental results show that the performance of proposed method is superior to several other methods both in aspects of subjective visual and objective evaluation index.
